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ABSTRACT
This investigation was conducted to study the effects of 
lactation and day of estrous cycle on circulating levels of 
cortisol and aldosterone in lactating Holstein cows and open 
Holstein heifers. Blood samples were collected daily from 
five lactating cows and five open heifers during the course 
of one complete estrous cycle while the animals remained in 
their natural environment,
Daily blood samples were taken from each animal begin­
ning the first day postestrus and continued until the animal 
was observed in standing heat. Each animal was fitted with 
an indwelling jugular catheter to keep possible stress from 
blood collections to a minimum.
Plasma cortisol and serum aldosterone levels were deter­
mined using radioimmunoassay procedures. Subsequent sodium 
analysis was conducted on all samples collected using the 
Perkin-Elmer 503 Atomic Absorption Spectrophotometer,
Mean plasma cortisol levels in lactating cows were not 
significantly different from the levels in open heifers.
Mean levels in the lactating cows ranged from 3,78 ± 0,78 
ng/ml to 5.97 ± 1.11 ng/ml while values in the open heifers 
ranged from 3,51 ± 0,36 ng/ml to 11,69 ± 3,26 ng/ml„ Mean 
cortisol values as determined by RIA procedures were lower 
than those previously reported,
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Fluctuation of cortisol levels during the estrous cycle 
were non-significant. Mean plasma levels for lactating cows 
ranged from 2.26 ± 0.93 ng/ml on day one to 9.49 ± 2.11 ng/ml 
on day six, while the values for open heifers ranged from
2.74 ± 0.53 ng/ml on day six to 14.66 ± 10.78 ng/ml on day
twelve. There was no significant group by day interaction 
and no correlation between cortisol levels and lactation on 
day of estrus.
Mean serum aldosterone levels of 94.13 ± 5.08 pg/ml fern 
lactating cows and 94.13 ± 5.08 pg/ml for open heifers were 
statistically non-significant. It was postulated that age 
and lactation are not major factors affecting circulating 
levels of aldosterone in the bovine.
A highly significant (P < .01) quadratic day of estrous
cycle effect on serum aldosterone levels were found (R“ = 
0.21). Levels in lactating cows on day one of the estrus 
cycle were 92.3 pg/ml and these levels peaked at 125.45 pg/ml 
on day eight. Values declined steadily from day eight to the 
lowest level of 43.2 pg/ml on day twenty. There was no sig­
nificant group by day interaction. It was suggested that 
aldosterone levels during estrous cycle appears to be related 
to the development of the corpus luteum and progesterone 
levels during the estrous cycle.
Serum sodium levels were significantly different (P < 
.05) during estrus for lactating cows and open heifers. Re­
gression analysis revealed that both groups had a highly
significant (P < .01) linear, quadratic, and cubic effect 
during estrus. Though not correlated with aldosterone by 
day of estrus, sodium levels exhibited the same basic cyclic 
patterns during the estrous period. The data implies that a 
delayed response appears to exist between changes in serum 
sodium and aldosterone levels during estrus. The sudden 
rise in sodium levels on day twenty appears to be attributed 
to estrogen sensitization of the female reproductive tract at 
estrus.
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I. INTRODUCTION
The hormones of the adrenal gland, particularly the 
glucocorticoids, have been a major subject of research in 
recent years because of their role in the maintenance of the 
homeostatic state. Few studies, however, have dealt with the 
possible involvement of the glucocorticoids or the mineralo- 
corticoids -in physiological responses other than those 
associated with stress.
Milk production and reproductive efficiency are physio­
logical responses of vital interest to the dairy industry, 
Economic losses to the industry due to poor reproductive 
efficiency, and the corresponding loss of milk production in 
subsequent lactations, are monumental problems faced by dairy 
men all over the world. Poor reproductive efficiency, from a 
physiological standpoint, is usually related to abnormal hor­
mone activity during the estrous cycle.
It is well established in the literature that the estrou 
cycle in the female bovine is controlled to a large extent by 
hormones produced by the ovary„ These hormones (i„e. proges­
terone and estrogen) are steroid in nature and have a similar 
chemical make-up as the hormones produced by the adrenal 
gland. If relationships and interactions exist between these 
two groups of steroid hormones, defining the role of the 
corticoids during the estrous cycle may be of some value in
identifying reproductive problems plaguing the dairy industry 
(i.e. anestrus, split estrus, quiet ovulation).
The objective of this investigation was conducted to 
study the effects of lactation and day of estrous cycle on 
circulating glucocortocoids and mineralocorticoids levels in 
lactating Holstein cows and non-lactating Holstein heifers, 
Cortisol and aldosterone were selected as hormones in this 
study since 95% of all glucocorticoid and mineralocorticoid 
activity is directly related to cortisol and aldosterone, 
respect ively.
Previous work with corticoids indicates that values tend 
to vary considerably in response to various non-specific sys­
tematic stressor?. Factors such as blood collection techni­
ques, insufficient acclimation of animal to experimental 
procedures prior to testing, and environmental influences 
have all been shown to possess the ability to alter circulat­
ing levels of corticoids in the bovine species* In an attempt 
to avoid such interference, animals used in this investigation 
remained in their natural environment for the duration of the 
study* An indwelling jugular catheter was designed to allow 
for rapid blood collection without distrubing the normal 
milking routine* All blood samples were taken at the same 
hour daily to avoid diurnal rhythem effects*
Radioimmunoassay procedures were used to determine total 
plasma cortisol and serum aldosterone levels.
II. REVIEW OF LITERATURE
A. General Functions of the Glucocorticoids 
The adrenal glands, located at the superior end of the 
two kidneys, are composed of two distinct parts, the adrenal 
medulla and the adrenal cortex. The medulla secretes the 
hormones, epinephrine and norepinephrine, which respond to 
stimulation of the sympathetic nervous system. These hormones 
cause the same effects as direct stimulation to the body by 
the sympathetic nervous system (36,130). The adrenal cortex 
secretes over 30 different steroids that are collectively 
called corticosteroids. No direct relationship has been 
found between the adrenal medulla and the adrenal cortex (21).
Guyton (36) states that at least 951 of the glucocorticoid 
activity of the hormones secreted by the adrenal cortex is 
directly related to cortisol. A small amount of activity is 
related to corticosterone, and a minute amount to cortisone.
The most important metabolic effect of cortisol and the other 
glucocorticoids is their ability to stimulate gluconeogenesis 
by the liver.
The manner in which cortisol promotes gluconeogenesis is 
not clear; however, three theories have been offered:
1) cortisol increases the movement of amino acids from 
the extracellular fluids into the liver cells. This would 
increase the availability of amino acids for conversion to 
glucose.
3
42) liver cells treated with glucocorticoids produce 
transaminases required to convert amino acids into keto acids. 
Since this conversion is necessary in the use of amino acids 
to form glucose, it could be the basis for cortisol's effect 
on gluconeogesis.
3) the mobilization of amino acids from the extra 
hepatic tissue by cortisol would make more amino acids avail­
able in the plasma for gluconeogenesis (36)„
Segura et al. (98) reported a significant increase in 
circulating glucose levels when pregnant dairy heifers re­
ceived intraveneous injections of adrenocorticotropic hormone 
(ACTH). It was noted that blood glucose levels increased to 
a maximum at 12 hours post-injection and returned to normal 
levels 24 hours post-injection. The increased glucose levels 
were concluded to be a result of ACTH stimulating the adrenal 
cortex to increase cortisol production, thus stimulating the 
formation of glucose. Other studies suggested that large 
doses of cortisol can cause an increased deposit of glycogen 
in the liver resulting in a 10% increase in weight of that 
organ (36) .
Cortisol has also exhibited an effect on protein meta­
bolism by reducing the amounts of stored protein in all body 
cells except those of the liver (130)„ Guyton (36) suggested 
that the reduction of stored protein in body tissue by corti­
sol is accomplished by two separate mechanisms: 1) decreasing
protein synthesis thus making less protein available for sto­
rage, and 2) increasing catabolism of protein already in the
5cells thus decreasing cellular stores. Turner (115) suggested 
that the adrenal steroids may reduce protein synthesis by 
antagonizing the effects of insulin, thus reducing energy 
production through the breakdown of glucose.
The increased plasma concentration of amino acids and 
the transport of amino acids into the hepatic cells by corti­
sol could enhance utilization of amino acids by the liver in 
the following ways: i) increase deamination of amino acids
by the liver; 2) increase protein synthesis in the liver;
3) stimulate formation of plasma proteins by the liver; and
4) increase the conversion of amino acids to glucose (36).,
Although the mechanism is not fully known, cortisol also 
promotes mobilization of fatty acids from the adipose tissue 
(36,130). This results in an increase of unesterified fatty 
acids in the plasma that are used as a source of energy rather 
than glucose. Guyton (36) stated that cortisol increases the 
formation of fatty acids from glucose and amino acids to such 
an extent that the body may actually gain fat stores. He 
offers the following sequence of effects: (a) cortisol re­
duces glucose utilization, (b) high glucose levels stimulate 
insulin secretion, and (c) insulin causes the adipose tissue 
to convert glucose to fat. Under these conditions, cortisol 
would cause a loss of protein and increase fat production by 
the body.
Glucocorticoids have been shown to inhibit the develop­
ment of inflammation and to reverse the effects of an
6established inflammation (115). Guyton (36) reported that the 
anti-inflammatory ability of the glucocorticoids may also ac­
count for their effectiveness in treating allergic response 
since they do not interfere with histamine formation or pre­
vent interaction between the antigen and antibody. The 
clinical usefulness of the glucocorticoids has led to the 
development of many "pharmacological steroids." Dexamethasme, 
a synthetic steroid, has 25 times the anti-inflammatory ef­
fects of cortisol with very little effect on sodium retention 
(115).
The 17-hydroxvlated glucocorticoids depress circulating 
eosinophils through destruction in the lungs and spleen. In­
jections of cortisol were reported to reduce peripheral blood 
lymphocytes and blood eosinophils as much as 45-50% in the 
lungs and 90% in the spleen (36) . Lee (49) has demonstrated 
an increase in eosinophils during the hot summer months in 
dairy animals. It was concluded that the depressed cortisol 
levels during the summer was responsible for the increase in 
eosinophils. Roussel et al. (89) reported increased levels of 
white blood cells, monocytes and eosinophils when beef bulls 
were subjected to a natural environment with a temperature 
range from 19.4 to 34.8C.
One of the most striking results of adrenalectomy is the 
inability of the animal to tolerate stressors such as tempera­
ture extremes, prolonged muscular activity, trauma, infections, 
or intoxications (99). The administration of adrenal corticol
7hormones corrects this inability to withstand the stimuli of 
these stressors. Selye (99) concluded that animals under 
a stressful situation always exhibited certain physiological 
responses regardless of the stressor. He termed this response 
the general adaptation syndrome which he divided in three 
phases: the alarm reaction, the stage of resistance, and the
stage of exhaustion. Corticol levels in the blood have been 
shown to allow certain patterns in all phases of the general 
adaptation syndrome (Figure 1) .
It has been reported that a local adaptation syndrome is 
exhibited when stressors affect only one part of the body (92). 
The local adaptation syndrome is similar to the general adap­
tation syndrome and the responses of the adrenal cortex are­
as follows:
1) A sudden but temporary period of stress causes a
sudden and temporary increase in pituitary adreno­
corticotropic activity with a corresponding change
in secretions of the adrenal cortex.
2) Gradual environmental changes result in a gradual
increase in adrenocortical hormone levels. Adrenal 
cholesterol and ascorbic acid levels remain un­
changed .
3) Intense continuous stress results in a rapid fall 
in the levels of cholesterol and ascorbic acid in 
the adrenal. These levels remain low until the 
death of the organism.
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Figure 1. Changes in specific resistance to stress during the general 
adaptation syndrome.
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94) There is an initial depletion of cholesterol and 
ascorbic acid when an animal adapts to a stress„
The levels of adrenal hormones are reduced as ani­
mals make a specific adaptation, and the adrenal 
glands return to their pre-stress size and level of 
activityo
B. Synthesis and Secretion of the Glucocorticoids 
Hansel and McEntree (39) suggested that the synthesis of 
the glucocorticoids can be organized in three main steps:
1) the synthesis of cholesterol from acetate, 2) conversion 
of cholesterol to progesterone, and 3) the formation of 
corticoids from progesterone„ A brief summary of the synthe­
sis of cortisol is presented in Figures 2 and 3 „
According to Turner and Bagnara (115), all organs that 
synthesize steroid hormones possess the same enzyme systems 
necessary to complete the sequence from acetate through 
cholesterol and pregnenolone to the adrenocorticol hormones.
He also states that enzymes that catalyze particular trans­
formations at specific times may predominate in certain ster­
oid producing tissue; however, the other enzymes are not 
necessarily completely absent,,
On the basis of chemical structure and biologic activity, 
the hormones of the adrenal cortex were grouped in four cate­
gories by Turner and Bagnara (115):
1) Corticosteroids that possess oxygen on carbon 11 are 
potent in affecting carbohydrate and protein
Cholesterol
CH~ 
i 3
C =  0
Progesterone
CH-OH
I ^
C = r O
Deoxycorti­
costerone
Pregnenolone
17 alpha-Hydroxypregnenolone 
CH.
. 3
c = o
0
•OH
17 alpha-Hydroxyprogesterone
CHoOH 
1 *■c = o
Corticosterone
Figure 2. Conversion of cholesterol to progesterone and the 
glucocorticoids„
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CH~ 
t J
G =  0
OH
17 alpha-Hydroxyprogesterone
C H - O H  
I 2
c =  0
HO
G H - O H  
» 2
c =  o
-OH
11-Deoxycortisol
CHrjOH 
I 2
c =  o
HO -OH
0
Corticosterone
I
Cortisol
HO C H ? OH
n 1 ^:~c c =  o
HO
0
C H - O H  
I 2c =  o
0
Cortisone
18-Hydroxycorticosterone
HC
HO
Aldosterone
Figure 3. Conversion of cholesterol to progesterone and the 
glucocorticoids (continued).
metabolism and have little effect on water and elec­
trolyte metabolism. Steroids in this group are 
cortisol, corticosterone, 11-dehydrocorticosterone, 
and cortisone,,
2) Corticoids that lack oxygen on carbon 11 affect 
water and electrolyte metabolism, with little effect 
on carbohydrate and protein metabolism. 11-deoxv- 
corticosterone and 11-deoxycortisol belong to this 
group o
3) Aldosterone, the most effective adrenocortical ster­
oid in electrolyte metabolism, has an aldehyde group 
at carbon 18 instead of a methyl group.
4) The sex hormones-adrogens, estrogens, and progeste­
rone produced by the adrenal cortex have overlapping 
effects between adrenocortical and gonadal functions.
Holzbauer and Newport (42) analyzed extracts from rat 
adrenals and concluded that an increase in pregneolone and 
progesterone is a prerequisite for increased corticosterone 
synthesis. They concluded that there was a definite involve­
ment of pregnenolone and progesterone in corticoid synthesis.
Bovine and human adrenal glomerulosa tissue was capable 
of synthesizing 18-hydroxycortiosterone from corticosterone 
$-14C under in-vitro conditions in a study by Marusic and 
Mulrow (60). Conversion yields for bovine and human tissues 
were found to be 3.8% and 0.5%, respectively. Wagner et al. 
(123) found a highly significant correlation between adrenal 
progesterone and cortisol, indicating that progesterone may be
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a precursor of cortisol synthesis. Other work indicated that 
adrenal progesterone is a primary precursor for synthesis of 
both gluco and mineral corticoids (123) „
The role of ACTH in stimulating the secretion and syn­
thesis of adrenal corticol hormones is well documented in the 
literature (21,36,39,112), In-vitro studies with rabbit 
adrenal tissue demonstrated that cortisol could be produced 
if the tissue was pre-stimulated for 28 days with ATCH, Un­
stimulated tissue in the same study was ineffective in 
cortisol synthesis (30),
It has been shown that the level of response to ACTH 
stimulation is greater for cortisol than corticosterone in 
bovine (36), Other workers attribute this differential re­
sponse to the stimulation of ACTH on the 17-hydroxylating 
system of the adrenal, which leads to increased cortisol syn­
thesis while decreasing the substrate available for corti­
costerone synthesis (17),
The regulation of ACTH secretion has been shown to be 
controlled by two primary mechanisms: a neurovascular mech­
anism and feedback controls (115) „ Environmental factors 
such as stress, trauma, and drugs have been shown to stimulate 
the secretion of "corticotrophin-release factors" (CRF’s) by 
nerve endings in the posterior hypothalamus. It has been 
established that vasopressin and oxytocin are major CRF's,
ACTH released by the nerve endings in the posterior hypo­
thalamus enters the circulation system and/or goes to the 
adrenal gland, where the corticosteroids are released (115,36).
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The feedback control mechanism has been firmly established 
in the literature to function in either a positive or negative 
manner (115). Lower than normal blood levels of glucocorti­
coids stimulate the secretion of CRF’s by the hypothalamus, 
whereas higher than normal levels depress the release of these 
factors (36). This feedback mechanism, where concentrations 
of the glucocorticoids in the blood act back upon the hypo­
thalamus to regulate release of ACTH, is termed a "long-loop 
feedback" (115). Evidence also exists that there is a "short- 
loop feedback," where blood levels of ACTH themselves act on 
the hypothalamus to stimulate the release of more or less ACTH.
C. Levels and Ratios of Glucocorticoids
The levels and ratios of glucocorticoids have been widely 
published in the literature with considerable variation (2,50, 
105,106). With present knowledge of the effects that environ­
mental influences, acclimation of animals to experimental 
procedures, volumes of blood tested, nutritional stress, and 
assay methods have on glucocorticoid levels, past discrepancies 
in the literature are now fully understood (90).
Purohit and Estergreen (79) established the presence of 
both cortisol and corticosterone in the plasma of day-old 
calves. Cortisol and corticosterone levels at birth were 
7.2 ng/100 ml and 0.7 ng/100 ml, respectively, or a 13.0:1 
ratio of cortisol to corticosterone. At 16 days of age the 
ratio had narrowed to 1.9:1. It was concluded that the grad­
ual decrease in cortisol levels to day 16 indicated the calves
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were adjusting to their new environment and recovery from the 
stress of birth. Eberhart and Patt (24) reported plasma con­
centration of 12.1 ng/100 ml at birth, followed by a sharp 
decline during the first 12 hours of life to an average level 
of 4.9 ng/100 ml, followed by a decrease to 1.1 ng/100 ml by 
day 120 These researchers suggested high glucocorticoid 
levels at birth may lessen resistance to bacterial infections 
in newborn calves (26).
Research indicates that plasma cortisol levels are higher 
than those of corticosterone in mature cows. Estergreen and 
Venkataseshu (28) found cortisol-to-corticosterone ratios to 
vary in lactating cows with a mean level of 2.40. The same 
researchers reported cortisol levels of 5.2, 7.4, and 9„3 ng/ 
100 ml for lactating open Guernseys, Jerseys, and Holsteins, 
respectively. Cortisol levels in Guernseys were significantly 
lower than Holsteins, but levels in Jerseys were not signifi­
cantly different. Corticosterone plasma levels ranged from 
2.4 to 3.5 ng/100 ml in the same study with no significant 
breed differences. There was a significantly lower ratio of 
cortisol to corticosterone in Guernseys (1.5:1) as compared 
to Holsteins (4.0:1). Jerseys hormone ratios were not signi­
ficantly different from either of the other two breeds.
It was determined that corticosteroids were higher 15 to 
0 days pre-parturition (8.01 ng/ml). Levels fell to 4.97 ng/ml 
at 5 to 50 days post-partum and remained low for a period from 
50 to 90 days post-partum. Levels appeared to rise again
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(6.40 ng/ml) beyond 90 days post-partum as a result of lacta­
tion stress and the progression of subsequent pregnancies 
(102) .
In 1978, Schwalm and Tucker (96) studied concentrations 
of glucocorticoids in milk and blood serum under a variety of 
physiological conditions. The purpose of the study was to 
investigate the role and degree of importance of the mammary 
gland as a possible route of excretion of glucocorticoids, 
and to compare levels of glucocorticoids and ovarian steroids 
in milk. Results of the study are summarized in Table 1 (96),
Table 1. Concentration of cortisol and corticosterone in 
samples of serum and milk in three stages of lactation and 
concurrent pregnancy.___________________________________________
Months of lactation
0 to 2 5 to 7 9 to 11
Glucocort icoids (0)a (3 to 5) (7 to 9)
(ng/ml)
Serum
Cortisol
Corticosterone
Ratio
7.6
3.1
2.45:1
9.2
4.0
2.3:1
7 . 3 
4.8 
1.52:1
Milk
Corti sol 
Corticosterone 
Rat io
1.75 
2.58 
.68:1
.97
2.84
.34:1
.91
3.46
.26:1
anumbers in parentheses are range months pregnant
Glucocorticoids in serum remain cons tant during the
estrus cycle and lactation (96). There was no correlation 
between levels of glucocorticoids in milk or serum, except at 
parturition. Cortisol levels were lower in milk wThen compared 
to serum, while corticosterone levels were the same in serum
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and milk. Results of this study may indicate: 1) preferen­
tial uptake of corticosterone by mammary tissue; 2) breakdown 
of cortisol in the mammary gland; and 3) conversion of corti­
sol to corticosterone in the mammary gland of lactating cows.
Do Glucocorticoids and Reproduction 
Studies by Wagner et al. (123) in 1969 suggested a pos­
sible involvement of the adrenal system in anestrus cows that 
were sucked. Other studies suggested that the adrenal gland 
and other factors such as overcrowding and heat stress depress 
reproductive activity (86,89).
Stott and Thomas (110) sampled cows under nutritional 
stress and determined that feeding sub-maintenance rations 
resulted in lowered plasma corticoid levels, and reproductive 
problems, in dairy animals. Heifers in this study did not 
show psychological signs of estrus, but cyclic fluctuation in 
secretion of progesterone was noted when the rations were cor­
rected for nutritional deficiencies, and plasma corticoid 
concentrations increased five-fold and the animals exhibited 
intensive heat and high fertility.
Shaw et al. (102) did an extensive study of 451 samples 
taken from 46 animals, and found significantly higher values 
for heifers and cows in or near estrus (10.28 and 10.77 ug/ml, 
respectively). However, in the same study they found no 
significant differences in corticoid values for calves (3.80 
ug/100 ml), unbred heifers (4.40 ug/100 ml), pregnant heifers 
(4.55 ug/100 ml). Pregnant cows sampled every month during
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pregnancy showed no particular pattern in plasma levels of 
17-hydroxycorticosteroids.
Stott and Thojnas (110) noted that heifers conceiving on 
the first service exhibited higher plasma levels of corti­
costeroids than those not conceiving,, However, these findings 
may have been related to the severity of the nutritional 
stress experienced by the heifers in their study. Stott and 
Wiersma (111) reported that plasma cortisol levels vary inter­
mittently in normally cycling post-partum lactating cows. This 
study concluded that mechanisms controlling the pituitary and 
adrenal glands are not independent of the mechanism control­
ling the release of fol1ic1e-stimulating hormone (FSH).
Alvarez and Johnson (2) concluded that depressed plasma 
cortisol under heat stress reflects inactivity of the 17- 
hydroxy lating enzyme in the adrenal cortex, which is respons­
ible for the synthesis of cortisol from progesterone. The 
elevation of plasma progesterone and depression of plasma 
cortisol, along with lengthened estrous cycle, shortened dura­
tion of estrus, elevated rectal temperature and water intake, 
and depressed feed intake during estrus are possible causes of 
impaired fertility in heat-stressed females.
Adams and Wagner (1) noted an increase in corticoid 
levels in the pregnant bovine one to four days prior to partu­
rition, and concluded that this rise in plasma corticoid 
levels may be the result of increased synthesis by the fetal 
adrenals. Increased corticoid levels may cause a decline in 
corpus luteum functions and serve to initiate parturition (1).
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Infusion of large doses of cortisol into pregnant ewes 
was ineffective in attempts to initiate parturition (53)„ 
Dexamethasone caused premature delivery when infused into 
fetal lambs, but was not effective when administered to preg­
nant ewes. Other work has shown the glucocorticoids to be 
more effective than the mineralocorticoids in causing pre­
mature parturition (54) .
Paterson and Harrison (75) reported cortisol levels in 
sheep remained constant during pregnancy until the last two 
weeks, at which time they showed a significant decrease.
Howarth and Hawk (43) studied the effects of exogenous 
hydrocortisone acetate on fertilization and embryonic survival 
during different seasons of the year in sheep. Results showed 
that hydrocortisone had no effect on fertilization, but sig­
nificantly reduced embryonic survival in late summer and early 
fall. No significant difference was found on treated ewes 
lambing in the winter months.
Velardo (118) reported that exogenous sources of ACTH 
administered to rats caused reduced litter size and increased 
the number of still births. ACTH had its greatest effect when 
administered on the day of mating and for six subsequent days. 
ACTH given to adrenalectomized rats did not produce the same 
results. Maternal adrenalectomy prior to day seven of preg­
nancy caused reduced litter size and stillbirth. Adrenalec­
tomy beyond the seventh day had no effect on litter size or 
stillbirth.
Relationships between serum corticosteroid levels and 
dystocia were studied in 12 two-year old Holstein heifers 
from a dairy herd with a high incidence of dystocia (71)„ 
Serum samples taken daily from day 260 of gestation to par­
turition exhibited elevated corticosteroid concentrations 
through the entire sample period for distocial animals, 
However, the greatest difference was observed between days 
28 and 12 prepartum, with normal heifers showing a rise in 
corticosteroids while dystocial heifers exhibited a decline. 
Increased levels of corticosteroids in late gestation is 
considered a signal for the initiation of luteolysis. Low 
circulating corticosteroids may delay luteolysis, maintain 
high progesterone output, and thereby suppress normal estro­
genic effects of the reproductive tract for parturition (71) 0
A recent study by Schwalm and Tucker (96) attempted to 
relate corticoid levels in milk and blood serum to the estrou 
cycle, prepartum, parturition, post-partum, and stage of lac­
tation in Holstein cows. These results are duplicated in 
Table 2 0
Glucocorticoid leirels in serum and milk were not dif­
ferent among days of the estrous cycle, and no correlations 
between day of the estrous cycle and concentration of gluco­
corticoid in serum or milk were significant.
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Table 2. Concentrations of total glucocorticoids in serum 
and milk.
Glucocorticoid
Day of
estrous cycle Serum Milk
{ng/ml)
0 (estrus) 7 o 8 c 4 6
2 8.5 o 2 2
5 13 „ 4 . 23
8 9.1 .19
11 7.7 .35
1 5 9 c 7 o 51
18 6.8 o 6 2
20 12 o 6 .23
Overa11 9.4 .35
The literature reviewed by this writer tends to support 
the theory that glucocorticoids have little effect on repro­
ductive status in bovines (26,110,111)0 However, Lee (49) 
reported that animals in the first 90 days of pregnancy tend 
to have an elevated plasma cortisol level (47o5 ng/ml)a Ani­
mals pregnant over 90 days displayed a decline in cortisol 
level (29.1 ng/ml), essentially the same level as non-pregnant 
animals, indicating requirements for circulating cortisol are 
higher during the first trimester of pregnancy. Results of 
this study are summarized and presented in Table 3.
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Table 3. Relationship between reproductive status and plasma 
cortisol levelo
Reproductive Status Cortisol
(ng/ml)
Pregnant 1 - 9 0  days 47.5
Pregnant 91 - 180 days 29.1
Open, normal breeder 32.6
Open, anestrus 33 o 3
Open, regular cycle, 4+ 
service/concention
00olO
It was concluded that an increase in circulating corti­
sol levels may be necessary for bovine to adapt to pregnancy, 
or the increase may be necessary to maintain a balance with 
placental hormones produced in the first trimester of preg­
nancy.
E. Effects of Lactation and Suckling on Glucococticoid 
Levels
Yoogt et al„ (120) found that rats suckled 30 minutes 
after a 12-hour period of non-suckling showed a reduction in 
pituitary ACTH concentration and a four-fold increase in 
plasma corticosterone levels. Suckling three hours after the 
non-suckling period produced an 851 increase in pituitary 
ACTH levels and a four-fold increase in the plasma corti­
costerone level. It was concluded that the increased 
secretion of corticosterone by the adrenal glands was caused 
by suckling which stimulated ACTH release by the pituitary.
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It was assumed that corticosterone increases at the time of 
initiation of lactation in the rat,
Rivera (84), studying the influence of adrenal corti­
costerone on enzyme activity in mouse mammary glands, noted 
that the entry of adrenal corticosteroid into mammary cells 
was very rapid0 The activities of glucose-6-phosphate and 
6-phosphogluconate dehydrogenase revealed that prolactin and 
insulin produced activity in the secretory development of the 
explants. This activity was consistently maintained as long 
as corticosterone was present,
Hahn and Turner (38) found that 0.75 mg of corticosterone 
per rat per day decreased milk yields 7,5% on days 14 and 20 
of lactation; l o0 mg produced a significant increase of 16c.4%; 
and 1 0 2 5 mg per day gave a 10,8% increase in milk production 
on days 14 and 20, as compared to control groups. They con­
cluded that corticosterone plays a role in normal lactation 
in the rat and that an optimum level exists,
Shayanfare et al. (100), using indwelled catheters, 
failed to show an association between plasma glucocorticoid 
concentration and stage of lactation, stage of pregnancy, 
milk yield, or cow age. This study supported the findings cf 
other investigators who found no effects of serum gluco­
corticoid levels on stage of lactation, season or stage of 
pregnancy (96, 102),
Cortisol secretion rate in the goat is four times greater 
at 2 days prepartum and during early lactation than at 33 to
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138 days of pregnancy (36)„ Metabolic clearance rate of 
cortisol was unchanged and a three-fold increase in plasma 
concentration was observed,,
Other studies have found that comparable changes in 
cortisol secretion in the cow are not expected since plasma 
glucocorticoid concentrations and the bound-to-free cortisol 
ratio do not change during lactation, nor do the adrenal 
glands experience weight changes during lactation (24,58,
105) „
Wagner and Oxenreider (122), using indwelling jugular 
vein cannulars, collected samples at 30 minute intervals dur­
ing a 24 hour period to establish the effect of differing 
lactation regimens on plasma corticoid in non-lactating, 
milked, and suckled Holstein cows. Plasma corticoids mea­
sured by protein-binding methods were 4.5 ± 0„05, 6,8 ±
0.07 ng/ml, and 9.4 ± 0.09 ng/ml for non-lactating, milked, 
and suckled groups, respectively. This study also showed that 
a three-fold increase in corticoid levels from 10 ng/ml to 
29 ng/ml was produced by a ten-unit dose of vasopressin,
Smith et al, (105) reported that either continuous or 
intermittent suckling increased the plasma corticosterone 
levels in rats when compared to non-suckled rate.
Shaw et al. (102) in 1960, reported that 17-hydroxy- 
corticosteroid levels were not affected by lactation. Smith 
et al. (105) in 1972, measured corticoid serum concentration 
in Holstein cows and determined that the serum corticoid
concentration averaged 3,9 ng/ml prior to milking. This was 
significantly increased to 8.1 and 11.5 ng/ml at 5 and 15 
minutes after milking. Concentration returned to pre-milked 
values by 60 minutes after the start of milking. Suckled 
pairmates’ corticoid values were 4,6 ng/ml at 10 minutes be­
fore milking, and increased to 6,7 and 8,2 ng/ml at -5 and 
-1 minutes. One hour after their pairmates were milked, 
serum corticoid levels of non-milked cows had fallen 32^ 
lower than at 10 minutes before milking. It was concluded 
that milking stimulus can increase the circulating corticoid 
levels in the cow.
Paape et al. (72) found plasma corticoid levels for 
normally milked and overmilked cows were higher than those of 
non-milked cows. Samples were taken before and after milking, 
immediately after a 15 minute overmilking period, and 15, 30, 
45, and 90 minutes after machine removal, Non-milked cows 
averaged 9,7 ng/ml, normal machine-milked cows averaged 19.5 
ng/ml, and overmilked cows’ levels were 22,0 ng/ml. Normally 
milked and overmilked levels were significantly higher than 
non-milked cows.
Swanson and Lind (113) administered flumethasone (syn­
thetic glucocorticoid) orally to 24 Holstein cows at levels 
of 0, 5, 10, and 20 mg per head per day, Flumethasone treat­
ments were initiated 4 days postpartum and continued until 
milk secretion ceased. Yields of milk, sol ids-not-fat, and 
milk fat were higher for cows receiving 5 or 10 mg than for
2 6
cows receiving 0 to 20 mg flumethasone daily. Lactation for 
cows receiving 20 mg were 37 and 48 days shorter. There were 
no differences between treatment groups for related measure­
ment taken on udder health, reproductive efficiency, or body 
weight „
A second study was conducted by the same researchers (115) 
testing 45 Holstein cows in their second and third lactation. 
Treatments of 0, 5, or 10 mg of flumethasone were administered 
daily for 25 days, followed by a 5-da)' withdrawal period. 
Treatments were initiated between day 210 and day 270 of lac­
tation and resulted in no significant change in total milk 
production. The authors concluded that flumethasone given 
continuously increased milk components and total milk yield, 
but had no effect on milk yields when given only during late 
lactat ion.
A similar study by Head et al, (40) in 1976, supports 
the view that synthetic corticoids do not stimulate milk pro­
duction in lactating cows. In this study, 25 cows were 
randomly assigned to treatments of 0 and 10 mg of flumethasone 
daily. Mean milk yields for the flumethasone supplemented 
cows were not significantly different from the controls. Re­
sults indicated that lactation intensity does not depend upon 
any single hormone.
Glucocorticoid hormones function together with other 
hormones to promote growth of the mammary gland, lactogenesis, 
and maintenance of lactation (36,115). Blood samples taken
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throughout mammary tissue indicated that cortisol may be 
taken up by the mammary tissue of goats and cows, especially 
at milking. Cortisol binding sites in mammary tissue were 
shown to be highly specific and different from the corticoid- 
binding globulin in plasma (15) „ Therefore, it can be rea­
soned from the above that glucocorticoids may be execreted 
into the milk after exerting their effects on the mammary 
gland (33) .
In a recent study, Schwalm and Tucker (96) observed that 
total glucocorticoids in milk were several times lower than 
in serum, 0.35 and 9„4 ng/ml, respectively. Glucocorticoid 
levels were relatively constant in the milk among different 
reproductive states (prepartum, postpartum, and estrus).
This study supports the concept that the mammary gland might 
act as a pathway for excretion of adrenal glucocorticoids.
F. General Functions of the Mineralocorticoids
The mineralocorticoids were so named because of their 
effects on sodium, potassium, and chloride levels in the 
extracellular fluids. Aldosterone exerts about 95° of the 
mineralocorticoid activity of the adrenal cortex (36,115). 
Corticosterone and deoxycorticosterone are secreted in minute 
quantities and their potency is only one-thirtieth that of 
aldosterone. The basic actions of aldosterone, and the other 
mineralocorticoids, are shown in Figure 4 (36). The two 
major effects are increased renal tubular reabsorption of 
sodium, and increased renal excretion of potassium. These 
two basic effects can cause many secondary effects.,
A l d o s t e r o n e
Renal 
reabsorption 
of sodium
Milk
Hypernatremia
Polydipsia
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fluid volume
Hydrogen
secretion
\
Alkalosis
Increased 
blood volume
Increased renal 
excretion of 
potassium
Hypokalemia
Muscle
paralysis
"Tendency” to 
increased cardiac
output  __________p. Increased systemic
vascular resistance
Decreased
intracellular
potassium
Hypertension
Figure 4. Effects of aldosterone.
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Guyton (36) stated that the increased rate of tubular 
reabsorption of sodium is by far the most important effect 
of aldosterone and the other mineralocorticoids. High levels 
of aldosterone can decrease the loss of sodium in the urine 
to a few milligrams per day. Sodium levels return to normal 
after 24 hours due to compensatory adaptations in the body.
The total lack of aldosterone can cause loss of as much as 
12 grams of sodium in the urine per day. This amount is 
equal to one-seventh of all the sodium in the body of the 
adult human.
Aldosterone also increases the reabsorption of chloride 
ions from the tubulesc It has been stated that this probably 
occurs secondary to the increased sodium reabsorption, because 
of the differences in ionic change between sodium and chlorine. 
Guyton (36) offers the following explanation. When the posi­
tively charged sodium ion is absorbed, an electrical gradient 
developes between the lumen and the outside wall of the 
tubules, with the positive charge on the outside. This 
positively attracts negatively charged anions through the 
membrane. Since chloride ions are the most prevalent anions 
in the tubular fluids, the absorption of chloride increases 
considerably in response to sodium reabsorption.
Sodium reabsorption from the tubules results in a chemi­
cal reaction in which hydrogen ions are secreted into the 
tubules to take the place of sodium (36,63,115). Carbonic 
acid molecules are the source of the hydrogen ions in the
30
above reaction, and their removal increases the bicarbonate 
ions in the blood, which shifts the hydrogen ion concentra­
tion in the body fluids toward the alkaline range. Thus, 
increased secretion of aldosterone promotes alkalosis, while 
its decrease supports acidosis. Under normal conditions, the 
acid-base regulatory mechanisms of the body can compensate 
for this change in body fluid pH without causing serious 
damage to the system (63,115),
The lack of circulating aldosterone has a major effect 
on cardiac output and arterial blood pressure (63), Low 
aldosterone levels greatly reduce extracellular fluid and 
blood volumes. As a result, cardiac output falls to shock 
levels. However, increased aldosterone secretion causes an 
elevation of extracellular fluid and blood volumes and an 
increased level of cardiac output, Aldosterone effects on 
cardiac output and its resistance to blood flow in the 
periphenal vessels has a marked effect on arterial pressure 
(36).
G„ Mechanism and Control of Mineralocorticoid Secretion 
The mechanism by which aldosterone acts on the tubular 
cells to increase the transport of sodium is a much debated 
topic in the literature (3,36,63,115), Guyton (36) formulates 
his theory on four recent experimental findings: 1) the nu­
cleus of the cell contains aldosterone; 2) there is an 
increase in cytoplasmic RNA immediately after exposure to 
aldosterone; 3) the rate of sodium transport begins to
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increase 50 minutes after exposure to aldosterone; and 4) 
poisons that block the formation of messenger RNA in the 
nucleus and the formation of protein enzymes in the ribo­
somes also block sodium transport by aldosterone. It has 
been theorized that aldosterone acts by stimulating the spe­
cific genes that control sodium reabsorptiou. These genes 
in turn stimulate the synthesis of specific messenger RNA 
molecules that in turn cause the formation of specific en­
zymes to supply the energy to transport sodium through the 
cell membrane„
The theories on the regulation of aldosterone secretion 
are summarized below:
1. Control by adrenocorticotrophic hormone. It has been 
shown that hypophvsectomy decreases the rate of aldosterone 
secretion, and that ACTH can prevent this depressing effect
on hyperaldosteronism. However, high levels of aldosterone 
have been observed in dogs with low plasma levels of ACTH and 
a low output of glucocorticoids. It appears that in some in­
stances ACTH initiates aldosterone secretion, while in other 
cases, it only increases the rate of secretion that has been 
initiated by angiotensin II (36),
2. Adrenoglomerulotropin. Farrell (29) in 1959, sug­
gested that aldosterone secretion was controlled by the 
hormone adrenoglomerulotropin, which is secreted by the 
pineal gland. Receptors in this gland have been shown to re­
spond to decreased sodium, increased potassium, or a decreased
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blood flow. It was concluded that these stimuli may cause a 
release of adrenoglomerulotropin, which would then function 
in a feed-back system with the adrenal cortex. Experiments 
with pinealectomized animals have failed to confirm this 
hypothesis ,
3, Direct adrenal effect of sodium and potassium con­
centrations changes, Blair-West et al, (11) transplanted 
the adrenal cortex of a sheep to the neck region, and stud­
ied the effects of changing the levels of sodium and potassium 
in the adrenal artery. Lowering the sodium or increasing the 
potassium concentrations caused a significant rise in aldo­
sterone secretion. Concurrent decreases of sodium and 
increases in potassium caused a larger effect than when the 
ions were varied separately,
4. Renin - angiotensin mechanism. Davis (19) hypothe­
sized that the kidney \\7as responsible for stimulating 
aldosterone secretion in response to sodium deficiency, 
thoracic cavity construction, or hemorrhage, A drop in 
blood pressure causes the release of renin, a substance as­
sociated with hypertension. Renin is a proteolytic enzyme 
that separates angiotensin from circulating alpha serum glo­
bulin. Angiotensin stimulates the glomerulosa of the adrenal 
cortex to release aldosterone, which in turn acts on the 
distal tubulars of the kidneys, causing resorption of sodium 
and water. The renin angiotensin mechanism is considered as 
the most complete theory on aldosterone secretion in the
1iterature.
33
H 0 Levels and Functions of Aldosterone in Different 
Species
Levels and general functions of circulating aldosterone 
in different animal species is not widely reported in the 
literature0 Nevertheless, an attempt has been made to 
discuss the levels and general functions of aldosterone as 
they related to lactation and reproduction.
The concentration of corticosterone and aldosterone in 
the plasma and adrenal glands of foetal, newborn, and mother 
mice were established during the last 4 days of pregnancy in 
a stud)' by Dalle et al„ (18) . Before parturation, the level 
of aldosterone in the plasma remained constant at 500 pg/ml„ 
Between day 20 and parturition, the level of aldosterone de­
creased by 65%, then remained stable at 300 pg/ml throughout 
the period of lactation. Changes in the level of aldosterone 
in the adrenal glands differed from those in the plasma in 
that a sharp increase of 142% from the preparturient value of
70 ng/100 ml occurred in the first 12 hours after parturition,
Thereafter, the concentration varied, remaining around 130 
ng/100 ml until day 20 (18). It was concluded that foetal 
adrenal glands are the main source of the foetal hormone and 
the intense adrenal activity at birth may be caused by ACTH, 
the renin-angiotensin system, or the level of potassium in 
the plasma. Low concentrations of corticosterone in the
plasma and adrenal glands at birth suggest a lack of ACTH
during this period.
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Lund-Larsen et al„ (57) studied the effects of season, 
sex, and age on plasma concentrations of aldosterone in the 
reindeer. Seasonal variations were found in serum levels of 
sodium and calcium in calves with winter levels significantly 
lower than summer levels0 However, there was no significant 
difference in serum aldosterone levels of the calves when 
compared to the adult group, 80 p„/mole and 82 p./mole, re­
spectively, and no differences between sexes were found.
Serum levels of aldosterone were higher in the summer than 
winter for all groups and treatments. These findings were 
unexpected, since mineral and water supplies are adequate 
during the summer but deficient in winter months. It was 
concluded that the reindeer kidney may be unresponsive to 
changes in antiduiretic hormone levels, or that some other 
steroid, and not aldosterone, is the major mineral-corticoid 
in the reindeer.
Seasonal differences in plasma aldosterone levels were 
also shown to exist in Holstein heifers in a study by Bardwell 
et al. (7). Thirty-two Holstein heifers were exposed to hot 
and cool conditions in two Louisiana climatically controlled 
environments. Heifers had an adjusted aldosterone mean level 
of 81.1 and 59.3 pg/ml for hot and cool environments, respec­
tively. These levels were found to be highly significant 
(P .01) .
They further suggested that aldosterone levels fluctuate 
in response to seasonal differences in temperature rather
than seasonal differences in availability of water and min­
erals (7) „
Lopez and Phillips (56) reported a significant difference 
in plasma aldosterone levels of young calves. A level of 
533.6 pg/ml of circulating plasma aldosterone found in calves 
at one day of age decreased to 246 .0 pg/ml at eight days of 
age. However, a study by Bardwell et al. (7) showed that age 
of Holstein heifers did not have a significant effect on aldo­
sterone levels. An increase of one day of age caused a non­
significant reduction in serum aldosterone of 0.06 pg/ml.
Lopez and Phillips (56) tested young calves from one to eight 
days of age, while Bardwell et al„ (7) utilized females from 
six months to four years of age.
Peaker and Linzell (76) infused lactating Saanen-Welsh 
cross-bred goats 5-6 hours between morning and evening milk­
ing with aldosterone at a rate of 150-300 ng/minute. Aldo­
sterone had no significant effect on milk yield or composition 
This study concluded that, while sodium conservation under the 
influence of aldosterone is a mechanism for salt balance in 
other organs, sodium secretion in milk is controlled by a 
different undefinited mechanism.,
Bardwell (6) studied the effects of season, age, stage 
of pregnancy, and daily milk production on circulating aldo­
sterone levels in Holstein cows. It was concluded that as 
the average daily milk production increased, the serum aldo­
sterone levels decreased and this difference was highly
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significant. The aldosterone level in the blood decreased 
.20 pg/ml for every 1 kg increase in daily milk production. 
The relationship between average daily milk production and 
serum aldosterone level found in this study has been dupli­
cated in Figure 5„ Bardwell (6) concluded that the stress of 
lactation was responsible for the decrease in aldosterone 
levels associated with an increase in daily milk production. 
The general findings of this investigation were as follows:
1) Hot temperature seasons cause an increase in cir­
culating aldosterone levels as a result of increased 
adrenal cortex functions,
2) Serum aldosterone levels decrease as age increases,
3) During pregnancy, serum aldosterone levels peak at 
10 0 days.
4) Aldosterone levels were highly significant due to 
differences among females.
Passbach et al. (73) investigated the role of aldoster­
one in producing pale, soft, exudative (PSE) pork. Results 
indicated that an injection of 1,5 ng of aldosterone resulted 
in a significant (P <  ,01) reduction in porcine muscle quality 
as measured by the Wisconsin quality score test. The control 
group had a higher water binding capacity, losing 34,5“ 
moisture, as compared to 3 7 , 3 % for the aldosterone treated 
group. Serum and muscle sodium and potassium contents were 
not significantly changed by the aldosterone treatment, thus 
the exact mechanism by which aldosterone affected pork quality 
remained unresolved.
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AVERAGE DAILY MILK PRODUCTION (kg)
Figure 5. Relationship between average daily milk production 
and serum aldosterone level0
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However, Galloway et al„ (32) were unsuccessful in three 
separate attempts to produce PSE pork by aldosterone injec­
tions. It was concluded that the PSE condition of porcine 
muscle cannot be produced by injections of aldosterone and 
they could not support the concept which attempted to asso­
ciate the hormone with the muscle defect.
III. EXPERIMENTAL PROCEDURES
A. General Outline
1. Animals and Management. Six lactating Holstein cows 
and six virgin Holstein heifers were used as experimental 
animals in this investigation. The lactating cows were in 
the third month of their first lactation and had a daily milk 
yield of 17.23 ± 1,36 kilograms. The heifers used in the 
study were of similar body weight, age, and had experienced 
at least one normal estrus period.
All animals were fed a ration consisting of 100% of the 
National Research Council (68) estimated net energy require­
ments. An 18% crude protein grain mix was fed as the con­
centrate part of the dietary regimen. The roughage consisted 
of alfalfa and mixed grass hay fed twice daily after each 
milking. All animals were allowed to graze rye grass 4 to 6 
hours per day. Trace mineralized salt in block form and 
water were available ad_ 1ibitum.
Standard milking and handling procedures established for 
the University of Southwestern Louisiana dairy herd was em­
ployed throughout the experiment. The experimental animals 
were not separated from the main herd and the lactating cows 
were milked twice daily as part of the normal routine. The 
open heifers were brought in the milking parlor, where they 
were fed and blood samples taken.
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2. Collection of Data and Catheterization Procedures 
Daily blood samples were taken from each animal beginning the 
first day postestrus and continued until the animal was ob­
served in standing heat. Samples were collected immediately 
after milking between 0700 and 0800 hours. Bleeding at the 
same hour each day eliminated the possibility of diurnal ef­
fects interferring with results.
Samples were collected into two 30 ml plastic disposable 
syringes and then transferred into two 40 ml collection tubes 
One collection tube contained three drops of an anticoagulant 
(dipotassium ethylene diamine tetra-acetate) and was used for 
serum analysis. Both tubes were centrifuged for 20 minutes 
at 886 xg. Plasma and serum samples were removed, frozen, 
and stored for subsequent analysis0
Each animal in the study vTas fitted with an indw’elling 
jugular catheter similar to the procedures outlined by 
McGulliard (65), as modified by Roussel and Gomila (87)0 
The catheterization technique was as follows:
1) Each animal was placed in a squeeze chute and her 
head tied to the side opposite the site of unilate­
ral catheterization. Hair was clipped from a 15 cm 
area 15 to 20 cm posterior to the mandible lateral 
to the jugular vein. The area was then cleansed 
and disinfected using a 1:750 zephiran chloride 
solution. Two percent procain HCL was administered 
both intramuscularly and subcutaneously into the 
area as a local anesthetic.
2) After 3 to 5 minutes, a 10 ga 10 cm needle or a 10 
ga cannula and trocher was inserted percutaneously 
into the jugular vein. A precut 50 cm length of 
silastic tubing was then threaded through the needle 
into the vein until approximately 1/3 of the ori­
ginal length remained exposed. The needle was re­
moved leaving the tubing in the vein,
3) A 15 ga Becton Dickinson Luer-Lok adapter was in­
serted in the exposed end of the tube. The tube 
was flushed with a premeasured amount of physio­
logical saline (the amount required to fill the 
tubing) followed by the same amount of anticoagulant 
(Heparin or.2.5% sodium citrate) . The anticoagulant 
solution was held in the tubing by clamping it with 
a Babcock clamp.
4) A Cystocath seal (7,6 diameter silastic patch with a 
raised interlocking device across the midline) was 
threaded over the tubing and placed flush against 
the surface of the neck where it was glued to the 
skin with Dow Corning Medical Adhesive B. Four in­
terrupted stitches were taken to reinforce the glue,
5) The tubing was put into the interlocking mechanism
of the seal, A 15 ga lever stub adapter was inserted 
into the exposed end of the tubing, and a 2.54 cm 
electrical end of the tubing and a 2.54 cm electrical 
duck bill clamp was used to replace the Babcock clamp.
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Each animal was bled daily and the catheters flushed 
with premeasured saline followed by an anticoagulant to main­
tain their patentency. All instruments, tubing, and seals 
were sterilized before use. The tubing and seals were from a 
Cystocath Kit manufactured by Dow Corning. Their recommenda­
tions were followed in sterilizing these materials,. The 
catheter and collection technique is illustrated in Figure 6.
B. Total Cortisol Determination
Plasma cortisol concentrations were extracted and as­
sayed using a radioimmunoassay (RIA) procedure from Endocrine 
Sciences, 18 418 Oxnard Street, Tarzana, California, as modi­
fied by Satterlee (91)„ This assay makes use of a sensitive 
antiserum that allows for cortisol determination directly 
from the plasma. This method appears to be superior to pre­
viously used fluorimetric and competitive protein binding 
methods because of its higher sensitivity and specificity.
1o Preparation of Contents.
1) Bovine -globulin solution (IgG) . Prepare a 16% solu­
tion with the powdered IgG dry stock. For a volume
of 5 multiple units, use 350 ul IgG solution for AB/F* 
(2 standard curves plus 2 unknown sets).
2) Methanol borate buffer solution (BB). Measure 11 ml 
methanol into a 100 ml volumetric flask and add 
borate buffer (pH 8.0 ± 0.1) up to the 100 ml mark. 
Vortex briefly, and refrigerate.
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Figure 6„ Blood collection technique.
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3) Reconstituted 1,2,6,7- H-cortisol stock. Using a 
25o 0 ml volumetric flask, gradually add the hot 
cortisol from its original shipment vial via many 
dilutions with spectro-quality.methanol. Use a 
minimum of 6 washings of original vial until a back­
ground of under 1000 cpm is achieved.
4) AB/F* stock solution and standard preparation.
Evaporate CELOH off the (^H)-cortisol under hood of 
drying apparatus in 40C water bath. Formulate stan­
dards with cortisol stock at 0.5 ng/ml. Using Lang- 
Levv glass pipets, add appropriate lambdas of stan­
dard solution to achieve desired concentrations. 
Precisely measure 60.0 ml of borate buffer solution 
by glass pipet and add to the CH^OH dried off lot 500 
( H)-cortisol container. Vortex at low speed for 15 
seconds. Using Eppendorf pipet, add the IgG and Ab 
solutions to the same flask and vortex for 15 seconds
2. Extraction of plasma samples (phase I).
1) Pipet 200 pi of room temperature, well mixed plasma
into a 16 x 100 mm disposable glass culture sample 
tube, and dispense using the Micromedic system, 1.0 
ml of iso-octane.
2) Partner commences to vortex the diluted samples under 
lowest possible vorticity for 60 seconds, centrifuge 
at 2000 rpm for 15 minutes.
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3) Place sample tubes vertically upright in an Environ­
mental Cabinet, previously operating at -40C for 5 
minutes. This freezes the progesterone-free corti­
sol containing plasma as the bottom layer, as the 
specific gravity of the plasma is greater than the 
specific gravity of the iso-octane or top layer. 
Decant off the top aqueous progestinous layer into
a waste beaker, unless assaying for progesterone, 
and place tube inverted in a tube rack with absorb­
ent paper lined over bottom for 10 seconds. Place 
upright before plasma remains thaw.
4) Use high speed Micromedic, dispense 1.0 ml of dichic- 
methane (DCM) as the second wash to remove the corti­
sol constituent of the remaining plasma. It is wise 
to work the Micromedic "automatically w/both 'set' 
and 'run' buttons on." Do all samples at one con- 
tinuency. hash pumps and tubes through the Mb' series 
without radiacwash.
5) Commence to vortex double washed samples at lowest 
possible vorticity for 60 seconds. Centrifuge at 
room temperature under 2000 rpm for 15 minutes
6) Place culture sample tubes on a precise slant (S to 
10 degree angle above horizon) in an Environmental 
Cabinet operating at -40C for 5 minutes. Remove and 
decant off bottom layer (containing cortisol extract) 
into a labeled 16 x 100 mm culture tube. Be sure a
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complete flow of DCM is possible through the frozen 
plasma as top layer before decanting. The specific 
gravity of plasma is less than the specific gravity 
of DCM, and therefore freezes as the top layer and 
around tube glass perimeter.
7) Collect sufficient number of "poured-off" samples in 
a special rack at room temperature to fit the drying 
apparatus. Place racks in 40C water bath submerged 
enough to cover the approximate 1.0 ml of cortisol- 
containing DCM or supernatant. Attach blower/com­
pressor air system and dry samples under a hood. 
Requires about 10 minutes drying time if needles are 
properly lowered inside tubes.
8) Begin the reconstitution of dried samples, using 
Micromedic-high speed, dispensing 1.0 ml of methanol 
borate buffer solution to each sample tube. Use the 
Micromedic arrangement as utilized and diagrammed 
for DCM. Vortex only briefly for 3 seconds at 
lowest possible vorticity.
9) Cover the 17 x 100 mm culture tubes with parafiln if 
the samples are to be incubated and/or assayed the 
following day. If reconstituted samples are to re- 
main for a longer period (maximum 2 weeks), cover 
with corks.
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3 o Initiation of incubation (phase II)„
1) Using Lang-Levy glass pipets calibrated under lambda 
standards on key protocol, pipet extremely precisely, 
the various volumes of cold cortisol standard stock 
series N o „ 3 (500 pg/ml) into triplicate 10 x 75 mm 
glass culture tubes 10 through 30, Add no cortisol 
standard to tubes 7-9. These represent 0 pg corti­
sol o Place tubes 7-30 under drying apparatus in 40C 
water bath under the hood,
2) Tubes 4-6 and 31-32 are aspirated with 50X BB and 
diluted with 200A NSB into tubes 33 and 34, There 
is no need to wash Micromedic between these two dif­
ferent aspirates. However, between step number 2 
and step number 3, run MW washes through the pipet 
system„
3) Aspirate 50A BB and dilute with 200A AB/F into tubes 
1-3 and 7-30, Under same arrangement with no Micro­
medic wash necessary, aspirate 50A unknown plasma 
extract from the two pool sample duplicates spaced 
about every 12 duplicate unknowns,
4) While one partner is operating the Micromedic, the 
other partner who was formulating the standard tubes 
and drying should aid pipetor with corking of 
unknown plasma extract 10 x 16 mm tubes, and 
return them to the refrigerator. This partner 
should also vortex briefly (3 seconds) all tubes
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to the end, when one full rack of 10 x 75 mm dupli­
cate has been completed,,
5) Using long strips of parafilm, seal off air on an 
entire rack with crossing patterns to minimize evap­
oration as much as possible during incubation,
6) Note times of initial and terminating aspirating and 
diluting for the day and permit duplicate samples to 
incubate at room temperature overnight,
4 0 Assay of extractant (phase III),
This assay for unlabeled versus labeled extractant/corti­
sol concentrations may be employed in advance of 24 hours 
after initiation of incubation,
1) Remove parafilm from the incubating unknown and 
standard duplicate samples (all tubes),
2) Add 250A of BB to all TC tubes (TC^B/F and TC^qg)
and triplicates, or in other words, to all tubes,
1 through 6 inclusive, with high speed micromedic.
This brings the fluid volume up to 500 ul or 0,5 ml.
3) Flush the same Micromedic arrangement with saturated 
ammonium sulfate solution to prime system. Under 
the same arrangement, except placing of (NH4)7 SO^ 
solution instead of water, add 250A of the saturated 
CNH4)2 SO4 solution (SAS) to all 10 x 75 mm culture 
tubes, except 1-6, Make sure that the transport 
aspirant tube is suspended off the floor of the SAS 
container so as not to aspirate any crystals.
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4) Vortex briefly for 3 seconds. Centrifuge, refriger­
ated (2 to 4C) for 20 minutes at 2000 rpm to collect 
the chemical precipitate on the bottom of culture 
tubeo Warm tubes to room temperature for a few 
minutes t
5) Aspirate off exactly 0o4 ml (400 ul) of the sulfate
treated samples from the 10 x 75 mm tubes held in a
precist upright position by a Micromedic or Repipet
system,, Dispense, in addition to 10 ml LS cocktail, 
into counting vials.
6) Cap, shake, rack, and count for 5 minutes.
C. Total Aldosterone Determination
Serum aldosterone concentration were extracted and as­
sayed using a double-antibody radioimmunoassay (RIA) method 
from Diagnostic Products Corporation, 12306 Exposition Boule­
vard, Los Angeles, California,, This procedure for the RIA of 
aldosterone uses a highly specific antiserum which has vir­
tually no cross-reactivity to other steroids (23,59)„
1. Preparation of contents.
1) For Extraction Recovery: two clear vials each cf
3lyophilized ( H) aldosterone. Reconstitute each 
vial as needed by adding 10 ml borate saline buffer 
(final concentration: approximately 1,500 CPM per
100 microliters).
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2) For Radioimmunoassay: two amber vials each of lyo-
philized ( H) aldosterone., Reconstitute each vial 
as needed by adding 10 ml borate saline buffer 
(final concentration: approximately 5,000 CPM per
100 microliters)„
3) One vial of lyophilized aldosterone standard., Re­
constitute by adding 10 ml borate saline buffer.
Each ml of standard contains 1,600 pg of aldosterone,
4) Two vials each of lyophilized aldosterone antiserum. 
Reconstitute each vial as needed by adding 10 ml 
borate saline buffer. The reconstituted antiserum 
vials contain sodium azide C0 0 5% final concentration) 
to suppress bacterial growth,
5) One vial of dextran coated charcoal. Dissolve 100 
milligrams of gelatin in 80 ml of distilled water by 
gentle heating and mixing. Cool to room temperature 
while stirring, and then bring the final volume to 
100 ml with distilled wrater. Keep refrigerated (4C) 
and agitate thoroughly before use.
6) One vial trichloroacetic acid (TCA), To prepare a
10% aqueous solution, dissolve 5.0 grams TCA in 40 ml
distilled water and bring the final volume to 50 ml,
7) One vial gelatin.
8) One vial sodium azide,
9) One vial Na^EDTA dihydrate.
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2„ Procedure for serum extraction.
1) Add 50 microliters (approximately 750 CPM) of (3H) . 
Recovery aldosterone to 1.0 ml of each serum or 
plasma sample. Prepare an initial count of the 
aldosterone by placing 50 microliters in a vial and 
adding 10 ml of scintillation fluid. Then prepare 
an extraction blank for each series of patient samp­
les by adding 1 ml of distilled water to a 16 x 125 
mm silicanized tube (extracted water and charcoal 
pretreated plasma samples give virtually identical 
blank values in the RIA of aldosterone). Extract 
the water and each serum or plasma sample according 
to the following procedure.
2) Add 2 ml of cold (4C) absolute ethanol, mix (vortex 
at minimum 15 seconds per sample), centrifuge (1,000
g for 3 minutes) and decant each supernatant into a 
new labeled 16 x 125 mm tube,
3) Wash each sample precipitate once with 1.0 ml of cold 
ethanol, centrifuge (1,000 xg for 3 minutes), and de­
cant the wash into the original sample supernatant 
(discard the precipitate).
4) Add 0.5 ml of 10% tricholoracetic acid to each super­
natant, mix (briefly), and extract with 6.0 ml of 
spectrophotometric grade methylene chloride (thor­
oughly vortex each sample making sure it is well 
dispersed in the organic phase). Centrifuge (1,000
5g for 3 minutes) and remove (discard) the upper 
aqueous layer.
5) Wash the extract once with 1.0 ml of 0.24 N sodium 
hydroxide solution (note the extraction of colored 
serum or plasma material into the alkaline wash),. 
Centrifuge (1,000 xg for 3 minutes), remove (dis­
card) the aqueous layer, and (again) wash the methy­
lene chloride extract with 1 ml of borate saline 
buffer. Centrifuge (1,000 xg for 5 minutes) and re­
move (discard) the upper aqueous layer.
6) Place each sample extract into a 40C water or dry 
heat bath and evaporate the methylene chloride to 
dryness with compressed nitrogen or air.
7) Add 1.0 ml of borate saline buffer to each tube and 
mix (vortex at minimum 15 seconds) .
8) Mark one counting vial and two assay tubes to corres­
pond to each sample and the water blank. Pipet 200 
microliters of each processed sample into a respec­
tive counting vial for extraction recovery determin­
ation. Aliquot 200 microliters of each sample into 
duplicate (12 x 75 mm plastic) tubes.
1. Label five tubes D2 through D6 , respectively.
2. Pipet 0.5 ml of borate saline buffer into tubes 
D2 through D6 .
3. Pipet 0.5 ml of reconstituted aldosterone stan­
dard solution to D2 and vortex.
to
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4. Transfer 0„5 ml from D2 to D3, vortex and con­
tinue to transfer 0„5 ml from each tube until 
the dilution series is completed.
3 o Preparation of standard curve and assay procedure.
1) Label nine tubes SI to S6, MB (maximum binding), B
(blank), and T (total counts) in duplicate.
2) Add the following volumes of borate saline buffer to
each set of tubes:
Tubes BSB (ul)
S1-S6 500
MB 600
B 700
T 1,200
3) Pipet 100 ul of standard from each of the tubes 
marked D2 through D6 to the respective tubes marked 
S2 through S6C Pipet directly 100 y 1 of the aldo­
sterone standard solution into tubes Slc The series 
of tubes now contains the following amounts of aldo­
sterone :
51 160.00 pg S4 20.00 pg
52 80.00 pg S5 10.00 pg
53 40.00 pg S6 5.00 pg
4) Add 400 ul of borate saline buffer to each sample 
assay tube containing 2 0 0 ^ 1  of extracted serum and 
follow steps 4-7 described under Preparation of the 
Standard Curve.
5) Add 100 pi of (^H) aldosterone (amber vial) to all 
tubes. Mix thoroughly„
6) Add 100 pi of reconstituted aldosterone antiserum to 
the S series and MB tubes, mix thoroughly, and incu­
bate at room temperature for 30 minutes followed by 
a second incubation in an ice bath (0-4C) for 25 
minutes t
7) Add 0„5 ml of refrigerated charcoal dextran suspen­
sion to tubes S1-S7, MB and B, vortex, and after 5 
minutes incubation in an ice bath (0-4C), centrifuge 
until all charcoal has packed firmly to the bottom 
of the tube (2,000 xg for 30 minutes).
8) Using micromedic, pull off Q.5 ml of the solution and 
flush with 5 ml cocktail mix resulting in 1 ml sam­
ple + 10 ml cocktail. Shake and count for 5 minutes.
4 o Equipment and reagents.
1) Micropipettes calibrated to 50, 100, 200, and 500 
microliters, or a microsyring with variable volume 
setting o
2) Silicanized glassware (for sample preparation and ex­
traction): disposable 16 x 125 mm tubes and capil­
lary pipettes.
3) Polyethylene or polypropylene disposable tubes for 
RIA (12 x 75 mm, or a size consistent with your re­
frigerated centrifuge). These tubes show no affinity 
for aldosterone under the conditions of the assay.
4) Spectrophotometric grade or pure distilled methylene 
chloride (dichloromethane) 0 Reagent grade: ethyl 
alcohol (anhydrous), hydrochloric acid and sodium 
hydroxide,, Hydrochloric acid solution (3.2 N) , used 
to acidify urine samples, is prepared by adding 26,3 
ml concentrated HC1 (12 .2 N) to 50 ml distilled water 
and bringing the final volume to 100 ml with dis­
tilled water. Store at room temperature, stable at 
least 3 months. Sodium hydroxide solution (0,25 N ) , 
used in the extraction of aldosterone from serum is 
prepared fresh daily by dissolving 1.0 gran, of sodium, 
hydroxide in 100 ml distilled water
5) Water or dry heat bath (40C) , vortex mixer, fume 
hood and compressed air for evaporation of serum 
extracts.
6) Clinical centrifuge capable of handling 16 x 125 mm 
tubes. Refrigerated centrifuge for 12 x 75 mm plas­
tic tubes,
7) Liquid scintillation counter.
8) Liquid scintillation fluid.
9) Borate saline buffer (BSB). Dissolve 6.2 grams of
boric acid, 8.5 grams of sodium chloride, 1.86 grams 
of Na2EDTA*2H 2O , and 0.5 grams of sodium azide in 
900 ml of distilled water and adjust to pH 8.0 with
1 N sodium hydroxide. Make up to 1 liter with dis­
tilled water and store refrigerated (4C).
10) Disodium EDTA rinse solution (0„0 M ) „ Prepare fresh 
as needed by dissolving 0.37 grams of Na2EDTA*2H 20 
per 100 ml of double distilled mater. The extrac­
tion tube can either be further rinsed with dilute 
silicanizing fluid and/or set aside to dry.
Extraction recovery is determined from the (^H) aldo­
sterone added to each serum sample and recovered in each 
buffer dissolved extracto The aldosterone concentration in
the serum samples is calculated as follows:
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(A - B) X — X 1/V = sample concentration in pg/ml, where
A = pg of aldosterone in 1.0 ml of extraction aliquot
(value derived from the logit-log plotting of 
the standard curve; % bound on the Y axis, 
and pg/ml of extraction aliquot on the x axis)
B = pg of aldosterone in extraction blank.
R = CPM of (^H) aldosterone added to sample before 
extraction
C = CPM in assayed sample aliquot (from extraction re­
covery)
V = Volume of sample tested (1.0 ml).
Serum 1 ml
Supernatant
+(eombine)
Add 50 ul ( H) Recovery 
Aldosterone (approx.
750 CPM)
Add 2 ml cold (4C) 
absolute ethanol
Precilpitate
1. Add 1 ml cold 
ethanol
Supernatant
1 .Add 0.5 ml 107c TCA 
Mic
2 .Add 6 ml CH2C12
Precipitate
(Discard)
(top layer)
Carefully decant lower Aquleous
layer from interface (Discard)
ch2ci2
Wash
a . 1.0 ml 0.23 N
NaOH (top layer)
b . 1.0 ml borate
saline buffer (top layer)
ch2ci2 1
1. Evaporate to dry­
ness (40C)
2. Add 1.0 ml borate 
saline buffer 
mix (15 seconds)
Aqueous 
(Discard)
2x200 pi to each assay tube
I
200 pi to counting vial 
(Recovery)
Figure 7. Extraction procedure for serum aldosterone.
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Do Statistical Analysis 
Data was analyzed by the least squares analysis of var­
iance, with a completely random split-plot design (109).
Groups (lactating cows and open heifers) were on the main 
plot and day of estrus on the split-plot. Simple correlations 
between cortisol and aldosterone on day of estrus were deter­
mined.
From the analysis of variance, the following sources of 
variation were partitioned:
Source Degrees of freedom
Group
Cow/Group
Day
Day X Group 
Res idua1 137
19
19
1
8
Corrected total 184
IV. RESULTS AND DISCUSSION
Data was collected from normally cycling lactating cows 
and open heifers during a complete estrous period. Blood 
samples were taken daily by the use of an indwelling jugular 
catheter while the experimental animals remained in their 
natural environment. A total of 200 blood samples were taken 
from five lactating cows and five open heifers in the course 
of this investigation. Samples were stored at -20C and sub­
sequently assayed for plasma cortisol and serum aldosterone 
1evels.
This investigation was conducted to study the effects of 
lactation and day of estrus on circulating levels of corti­
sol and aldosterone, and to establish these levels using RIA 
procedures. Assay procedures used in this study were selected 
for their specificity and accuracy of steroid recovery.
A standard curve was constructed for each assay to eval­
uate pipetting techniques, the counting efficiency of the 
scintillation counter, and the scintillation fluid, and as a 
check of the stability and reliability of the reagents used. 
Standard solutions of unlabeled aldosterone and cortisol were 
prepared as outlined in Chapter III. Standards and duplicate 
unknown samples were run through their respective RIA proce­
dures to establish a basis of comparison of unknown concen­
trations to known amounts of each steroid. A linear standard
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curve was constructed for each assay by logit-log plotting 
(105) of the percent bound hormone on the y axis versus 
steroid concentration on the x axis (Appendix Tables 3 and -1. 
The coefficient of determination for the standard curves were 
0.9959 and 0.9S62 for cortisol and aldosterone, respectivtdv.
Individual recoveries were determined for each unknown 
in the aldosterone assay and final concentrations (pg/ml) were
X
adjusted according to the total recovery ( H) aldosterone in 
each sample-. Blank samples were determined concurrently with 
standards and unknown samples in each assay to monitor non­
specific binding, that is, the amount of labeled hormone bound 
to plasma or serum proteins in the absence of the antibod}-.
All glassware used in the aldosterone assay was siliconized 
to prevent nonspecific binding of polypeptides to the walls 
of test tubesc Blank samples levels were low in each assay 
and corrections to final steroid concentrations were made as 
presented in Chapter III.
Antiserums used in each assay procedure were highly spe­
cific w'ith virtually no cross-reactivity to other steroids.
The percent cross-reactivity for each antiserum is illustrated 
in Appendix Tables 1 and 2 for cortisol and aldosterone, re­
spectively .
A pooled plasma or serum source was utilized to obtain an 
estimate of reproducibility for each assay0 Pooled plasma 
samples in the cortisol assay had a mean of 3.71 ± 0.129 ng/ml 
and a coefficient of variation of 3.48°; pooled serum samples
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in the aldosterone assay had a mean of 111.51 ± 5.85 pg/ml 
with a coefficient of variation of 5.25%.
Before interpreting an unknown from a standard curve, 
the cpm obtained from the unknown and its replicate were 
averaged. If the cpm data of any unknown differed from its 
replicate by more than SI, then that particular unknown was 
re-assayed.
A = Cortisol
Analysis of variance revealed that mean plasma cortisol 
levels in lactating cows were not significantly different 
from the levels in open heifers (5.67 ± Q.61 ng/ml and 5=87 
t 0.59 ng/ml, respectively). Mean plasma cortisol values for 
individual cows and heifers are shown in Appendix Tables 3 
and 4. The five lactating cows had mean plasma cortisol 
levels of 3.78 ± 0.78 ng/ml to 5.97 ± 1.11 ng/ml, and mean 
cortisol levels in the open heifers studied ranged from 3.51 
± 0.36 ng/ml to 11.69 ± 3.26 ng/ml.
The findings of a non-significant difference in cortisol 
levels between the lactating and non-lactating animals is in 
agreement with the results reported by Wagner and Oxenrieder 
(122), Schwalm and Tucker (96), and Shaw et al„ (102) <, Mean 
plasma levels (9.6 ng/ml, 8.4 ng/ml, and 8.1 ng/ml, respec­
tively) reported by the above researchers were higher than 
the mean level of 5 0 77 ng/ml found in this study. The lower 
value may reflect the greater sensitivity of the RIA proce­
dures as compared to the competitive - protein-binding methods 
used by other investigators.
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Figures 8 and 9 suggest that daily plasma cortisol 
levels fluctuate during estrus; however, statistical analysis 
showed these differences to be non-significant. Mean plasma 
levels for lactating cows ranged from 2.26 ± 0.93 ng/ml on 
day one of estrous cycle to 9.49 ± 2.11 ng/ml on day six, 
while the values for open heifers ranged from 2.74 ± 0.53 
ng/ml on day six to 14.66 ± 10.78 ng/ml on day twelve of 
estrous cycle. There was no significant group by day inter­
action and attempts to correlate cortisol with lactation or 
day of estrus were non-significant.
In contrast to work presented in this study, Shaw et al„ 
(102) found significantly higher corticoid values for heifers 
and cows in or near estrus. However, the same study showed 
no significant differences in corticoid values for calves, 
unbred heifers, pregnant heifers, lactating non-pregnant cows 
lactating pregnant cows, dry pregnant cows, and cows in labor 
Assay techniques used in the above mentioned study were not 
specific for cortisol, thus cross-reaction with other ste­
roids may have been responsible for the observed responses 
during estrus.
Stott and Thomas (110) noted that heifers conceiving on 
the first service exhibited higher plasma levels of corti­
costeroids than those not conceiving. These findings may 
have been related to the severity of the nutritional stress 
experienced by the heifers in their study. However, addi­
tional work by Stott (111) concluded that plasma cortisol
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levels vary intermittently in normally cycling postpartum 
lactating cows.
Since starting this investigation in 1978, similar work 
has been conducted by Schwalm and Tucker (96) at Michigan 
State University,, Their findings that glucocorticoids in 
blood serum do not vary significantly during the estrous 
cycle and lactation are in agreement with the results of 
this study.
B 0 Aldosterone
Mean serum aldosterone levels in lactating cows were not 
significantly different from the levels in open heifers 
(102.56 ± 5.11 pg/ml and 94.13 ± 5.08 pg/ml, respectively). 
Appendix Tables 7 and 8 show that levels within each group 
ranged from 53.48 ±11.73 pg/ml to 143.42 + 33.74 pg/.ml for 
lactating cows, and 36.18 ± 8.09 pg/ml to 169.85 ± 39.98 
pg/ml for open heifers„
The above findings imply that age and lactation are not 
important factors affecting circulating levels of aldosterone 
in the bovine. Peaker and Linzell (76) found that aldosterone 
had no significant effect on milk yield or milk composition 
in the goat. They concluded that, while sodium conservation 
under the influence of aldosterone is the mechanism for salt 
balance in other organs, sodium secretion in milk was not 
controlled by aldosterone.
Bardwell et al„ (7) reported that age of Holstein hei­
fers did not have a significant effect on serum aldosterone
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levels. An increase of one day of age caused a non-significant 
reduction in serum aldosterone of ,06 pg/ml. Lund-Larsen et 
al. (57) reported similar findings in the reindeer.'
Other work (6) found that aldosterone levels decreased 
as milk production increased. Aldosterone levels in the blood 
decreased 0.20 pg/ml for every 1 kg increase in daily milk 
production.
According to the analysis of variance, a highly signifi­
cant (P < .01) day of estrus effect on serum aldosterone 
levels ivere found. A plot of the data is presented in Fig­
ures 10 and 11 for lactating cows and open heifers, respec­
tively. Regression analysis revealed that both responses were 
quadratic with R-square values of 0.21 and 0.08 for lactating 
cows and open heifers, respectively.
The quadratic response plotted in Figure 10 shows that 
aldosterone levels in lactating cows at day one of estrus 
were 92.3 pg/ml, and these levels elevated steadily at a rate 
of 4.19 pg/ml/day peaking at 126.45 pg/ml on day eight of the 
estrous cycle. Values declined steadily (6.94 pg/ml/day) from 
day eight, reaching the lowest level of 43.2 pg/ml on day 
twenty (day twenty represented standing heat for all animals 
in the study)„
Aldosterone levels in open heifers followed the same 
quadratic response as that of the lactating cows. Day one 
levels of 62. 08 pg/ml increased at a rate of 5.22 pg/ml/day 
peaking on day ten at 114.10 pg/ml. Levels then declined at
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aldosterone levels in open heifers.
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a rate of 5„81 pg/ml/day reaching a low of 56.00 on day 
twenty. Although heifer values were lower than those of 
lactating cows, these differences were statistically non­
significant „
The literature is completely void of data on the effects 
of the estrous cycle on aldosterone levels in bovine. How­
ever, a discussion of relationships and levels of other ster­
oid hormones known to control estrus may be of some benefit 
in understanding the role of aldosterone.
Progesterone levels in bovine plasma have been shown to 
be highly correlated to measured corpus luteum weights during 
estrus (36). Wettemann et al. (126) observed that the corpus 
luteum weight did not differ between days seven through seven­
teen during the estrous cycle leading them to state that the 
corpus luteum had reached its greatest size by day seven and 
that regression began by day seventeen of estrous cycle. Total 
progesterone concentration increased from 6.9 mcg/g at day 
seven to 9.1 mcg/g by day seventeen of estrous cycle.
Stabenfeldt et al. (107) measured progesterone in the 
systematic plasma of cycling non-pregnant cows and observed 
mid-cycle peaks of 7 to 12 mcg/g progesterone/ml with the 
levels rising and falling during the cycle as the corpus 
luteum grows and regresses. The lowest values were found to 
be on the day of ovulation with a small but significant peak 
during days three to six of the cycle. By day seventeen of
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the estrous cycle a decline in progesterone from 30 to 40% of 
the peak value was observed,,
Scaramuzzi et al. (93) observed an increase in estra­
diol beginning about three days before estrus from an average 
of 3.6 pg/ml during the luteal phase to a peak of 9.7 pg/ml 
at 0.5 days before estrus. It was concluded that progesterone 
levels must fall to a low level before estrogen levels can 
rise o
Although aldosterone does not appear to be directly cor­
related with the ovarian hormones mentioned in the above 
studies, some interesting relationships do appear to exist. 
Progesterone and aldosterone levels rise during estrous cycle 
until the corpus luteum reaches its maximum weight, after 
which aldosterone levels begin to fall while progesterone 
levels remain high until day seventeen of estrous cycle. Both 
hormones reach their lowest levels at the end of the estrous 
cycle when estrogen is at its highest level. It should be 
noted that the progesterone-block which causes low levels of 
all other steroid hormones during estrus does not appear to 
affect aldosterone.
In an attempt to further explain the cyclic behavior of 
aldosterone during estrus, all blood samples used in the 
study were diluted and run through the Perkin-Elmer 503 Atomic 
Absorption Spectrophotometer for sodium analysis. Mean 
serum levels of sodium are presented in Appendix Tables 11 and 
12 for lactating cows and open heifers, respectively. Mean
71
sodium serum levels of 361.03 ± 13.21 mg percent for lactat­
ing cows and 351.59 ± 7.52 mg percent for open heifers were 
non-significant.
Analysis of variance revealed that serum sodium levels 
differed significantly (P. < .05) during estrous cycle. A plot 
of the data is presented in Figures 12 and 13 for lactating 
cows and open heifers. Regression analysis revealed that 
both responses had a highly significant (P < .01) linear, 
quadratic, and cubic effects.
Sodium levels in lactating cows at day one of estrus 
were 339.7 mg percent, and these levels rose to a peak of 
368.56 mg percent at day six of estrous cycle. Values declined 
steadily at a rate of 3.84 mg percent per day, reaching a low 
of 317.21 mg percent at day nineteen of estrous cycle. Levels 
on day twenty of estrous cycle rose to 319.00 mg percent.
The sudden rise in sodium levels on day twelve of estrous 
cycle may be a direct response to high estrogen levels at 
estrus. Guyton (36) stated that the effects of estrogen on 
the female reproductive organs consist first of a hyperemia 
followed by water and salt transudation. The edema of the 
tract associated with estrus is marked by swelling of the 
vulva and a firmness of the uterus from the intercellular 
uptake of water. Thus, estrogen sensitization of the female 
reproductive tract at estrus would appear to cause the sudden 
elevation of sodium on day twelve of estrous cycle.
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V. SUMMARY AND CONCLUSION
This investigation was undertaken to determine the ef­
fects of lactation and day of estrus on circulating levels of 
cortisol and aldosterone in lactating Holstein cows and open 
Holstein heifers. A total of 200 blood samples were taken 
from five lactating Holstein cows and five open Holstein 
heifers during the course of one complete estrous cycle while 
the animals remained in their natural environment.,
Daily blood samples were taken from each animal begin­
ning the first day postestrus and continued until the animal 
was observed in standing heat. Samples were collected imme­
diately after milking between 0700 and 0800 daily and frozen 
at -20Co To keep possible stress from blood collections to 
a minimum, each animal was fitted with an in-dwelling jugu­
lar catheter.
Radioimmunoassay procedures were used to determine 
plasma cortisol and serum aldosterone levels because of their 
specificity and accuracy of steroid determination. A pooled 
plasma or serum source was utilized to obtain an estimate of 
reproducibility for each assay. Pooled plasma samples in the 
cortisol assay had a mean of 3.71 ± 0.129 ng/ml and a coeffi­
cient of variation of 3.48%; pooled serum samples in the 
aldosterone assay had a mean of m .51 ± 5>85 pg/ml with a 
coefficient of variation of 5.25%.
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Subsequent sodium analysis was conducted on all samples 
collected using the Perkin-Elmer 503 Atomic Absorption Spec­
trophotometer.
Plasma cortisol levels in lactating cows were not sig­
nificantly different from the levels in open heifers. Corti­
sol levels ranged from 3.78 ± 0.78 ng/ml to 5.97 ± 1.11 ng/ml 
for the lactating cows, and 3„51 ± 0.36 ng/ml to 11.69 ± 3.26 
ng/ml in the open heifers. Mean cortisol values found in 
this study were lower than those reported in similar studies. 
It was postulated that the RIA procedures used had greater 
sensitivity in corticoid determination than previously used 
methods, and that indwelling jugular catheters are effective 
means of controlling stress in obtaining blood corticoid 
levels in the bovine.
Fluctuation of cortisol levels during the estrous cycle 
was non-significant. Mean plasma levels for lactating cows 
ranged from 2.26 ± 0.93 ng/ml on day one of estrous cycle to 
9.49 ± 2.11 ng/ml on day six, while the values for open hei­
fers ranged from 2.74 ± 0.53 ng/ml on day six of estrous cycle 
to 14.66 ± 10.78 ng/ml on day twelve of estrous cycle. There 
was no significant groups by day interaction and no correla­
tion between cortisol and lactation on day of estrous cycle.
It was concluded that cortisol levels do not vary signifi­
cantly during the estrous cycle or lactation, thus their ef­
fects on these physiological responses is minimal.
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Mean serum aldosterone levels ranged from 52.48 ± 11.73 
pg/ml to 143.42 ± 33.74 pg/ml for lactating cows and 36.18 ± 
8.09 pg/ml to 169.85 ± 39.98 pg/ml for open heifers. Levels 
in both lactating cows and open heifers were non-significant.
It was postulated that age and lactation are not factors 
affecting circulating levels of aldosterone in the bovine.
A highly significant (P < .01) day of estrous cycle ef­
fect on serum aldosterone levels was found. Levels in lactat­
ing cows at day one of the estrous cycle was 92.3 pg/ml and 
peaked at 126,45 pg/ml on day eight of estrous cycle. Values 
declined steadily from day eight of estrous cycle to the low­
est level of 43.2 pg/ml on day twenty of estrous cycle. Re­
gression analysis revealed that responses for lactating cows 
and open heifers was quadratic. There was no significant 
group by day interaction.
It was suggested that aldosterone levels during the 
estrous cycle appeared to be related to the development of the 
corpus luteum and progesterone levels during the cycle. Both 
hormones reached peak level after development of the corpus 
luteum and lowest level for each hormone appears to be at the 
end of the estrous cycle.
Serum sodium levels were significantly (P < .05) dif­
ferent during the estrous cycle for lactating cows and open 
heifers. Regression analysis revealed that both groups had 
a highly significant (P <  .01) linear, quadratic, and cubic 
effect during the estrous cycle. Sodium levels, though not
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correlated with aldosterone by day of estrus, exhibited the 
same basic cyclic pattern during the estrous cycle. Sodium 
levels in lactating cows at day one of the estrous cycle was 
339.71 mg percent, and rose to a peak of 368„56 mg percent 
at day six of the estrous cycle. Values declined at a rate 
of 3.84 mg percent per day reaching a low of 317021 mg percent 
on day twenty of estrous cycle. It was suggested that a de­
layed response appears to exist between changes in serum 
sodium and aldosterone levels during estrus. The sudden rise 
in sodium levels on day twenty of estrous cycle was attributed 
to estrogen sensitization of the female reproductive tract at 
estrus.
The data summarized above appears to support the follow­
ing:
1) Indwelling jugular catheters were effective in ob­
taining daily blood samples from dairy cattle in 
their natural environment.
2) Plasma cortisol levels vary intermittently in norm­
ally cycling lactating cows and open heifers. Pat­
terns of cortisol fluctuations are apparently not 
related to other steroid hormone activity during the 
estrous cycle.
3) Under the conditions of this study, cortisol levels 
were unrelated in lactating and non-lactating dairy 
animals.
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4) Aldosterone exhibited a definite cyclic pattern 
during the estrous cycle in lactating cows and open 
heifers. These levels appear to be influenced by 
the ovarian hormones controlling the estrous cycle.
5) Although not directly correlated by day of estrus, 
sodium and aldosterone levels during estrus appear 
to exhibit similar cyclic patterns.
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Appendix Table 1. Steroid cross-reaction with cortisol 
antiserum F21-53 ( E n d o c r i n e  Sciences)„
 ^ cross
___________________ Compound___________________ reaction
Cortisol 100.0
Corticosterone 8 9 o 0
2 OB-Hydroxyprogesterone 3.7
Progesterone 2.0
17-Hydroxyprogesterone 1.8
2 OA-Hydroxyprogesterone 1.8
Desoxycortisol 1.8
Aldosterone 1.6
Deoxycorticosterone 1 . 5
Cortisone 0.8
Testosterone 1.3
Estradiol 0.1
Estriol 0.1
Pregnanediol 0.1
Preganetriol 0.1
Tetrahydrocortisne 0.1
Tetrahydrocortisol 0.1
Tetrahydrodesoxycortisol 0.1
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Appendix Table 2. Percent cross-reactivity of aldosterone 
antiserum (^Diagnostic Products Corporation)
______________  Compound______________  reaction_____
Aldosterone 1 0 0 o 0
Cortisone 10"2
Corticosterone 10“4
Deoxycorticosterone O
1 4
^
Cortisol 10“5
Testosterone 10"5
Progesterone 10"5
B-Estradiol 10'5
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Appendix Table 3. Cortisol standard curve data (plot on 
logit-log paper with % bound on y axis and cortisol concen­
tration on x axis).
Standard
number Cortisol % bound
(ng/ml)
1 0 82.17
2 1.25 80 „ 54
3 2 „ 50 78.54
4 5 „ 00 74.21
5 O o o o 64.06
6 15.00 57.78
7 25.00 41.42
Appendix Table 4. Aldosterone standard curve data (plot on 
logit-log paper with % bound on y axis and aldosterone con­
centration in pg/ml of extraction aliquot on x axis),,
Standard
number Aldosterone % bound
(pg/ml)
1 5.00 90.15
2 10*00 83.06
3 20.00 72.83
4 4 0*00 60.33
5 oo•o00 42.48
6 160.00 25.57
A p p e n d ix  T a b l e  5 . Mean p la sm a  c o r t i s o l  v a l u e s  f o r  i n d i v i d u a l
c o w s .
Cow
Number
. .T o t a l ”.... .
Samples
Cortisol
Means
(ng/ml)
42 20 5.01 ± 05 5
44 18 3 .79 ± 0 78
46 16 6 0 91 ± 0 9 9
48 17 6 0 94 ± 1 0 06
51 19 5.97 ± 1.11
Total 90 5 0 67 ± .61
Appendix Table 6. 
heifers 0
Mean plasma cortisol values for individual
Heifer Total Cortisol
Number Samples Means
(ng/ml)
67 20 3.51 ± .36
72 20 4.95 ± 1.10
76 17 6.49 ± 1.56
77 20 3.37 ± .68
82 18 11.69 ± 3.26
Total 95 5.87 ± .59
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A p p e n d ix  T a b le  7« Mean serum a l d o s t e r o n e  v a l u e s  f o r  i n d i v i d ­
u a l  c o w s .
Cow
Number
Total 
Samples
Aldosterone
Means
(pg/ml)
42 20 52.48 ± 11.73
44 18 120,12 ± 28.28
46 16 64.61 ± 16.16
48 18 143.42 ± 33.74
51 20 130.42 ± 29.12
Total 94 102.56 ± 5.82
Appendix Table 8 . 
ual heifers.
Mean serum aldosterone values for individ'
Heifer Total Aldosterone
Number Samples Means
(pg/ml)
67 20 62.06 ± 13.86
72 20 150.02 + 33.49
76 17 54.15 + 13.12
77 20 36.18 ± 8.09
82 18 169.85 ± 39.98
Total 95 94.13. 5.80
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A p p e n d ix  T a b l e  9 .  Mean serum a l d o s t e r o n e  v a l u e s  d u r i n g
e s t r u s  f o r  l a c t . a t i n g  cows .
Day
.. ' Total... '
Samples
Aldosterone_ 
Means
1 4
(pg/ml) 
111.37 ± 13.07
2 4 113.46 + 17.91
3 5 99.26 ± 14.14
4 5 85.33 ± 13.86
5 5 84.21 ± 27.27
6 5 105.51 + 39.40
7 5 173.75 ± 35.00
8 4 176.36 ± 26.94
9 5 173.17 ± 19.73
10 4 147.33 ± 22.11
11 5 115.91 + 36. 05
12 4 123.72 ± 40.95
13 4 105.57 ± 32. 54
14 5 92.21 + 21.55
15 5 77.58 ± 18.89
16 3 87.44 ± 20.48
17 5 66.33 + 26.44
17 5 46.92 ± 9.40
19 5 50.48 + 14.61
20 5 41.82 ± 11.09
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A p p en d ix  T a b le  1 0 . Mean serum a l d o s t e r o n e  v a l u e s  d u r i n g
e s t r u s  f o r  op en  h e i f e r s .
Total Aldosterone_
____________ Day___________ Samples______________Means________
(pg/ml)
1 4 70.30 + 33.58
2 4 54.46 + 33.28
3 4 61.91 + 29.00
4 5 91 „ 52 + 37.17
5 5 81.00 + 30.11
6 5 108.76 + 35.97
7 5 163 o 44 + 87.43
8 4 87.14 + 57.84
9 5 87.96 + 46.12
10 5 141.64 + 44.58
11 5 117.21 + 39.83
12 5 108.76 + 34.63
13 5 150.98 + 39.51
14 5 128.52 + 30.42
15 4 68.35 + 21.03
16 5 93.57 + 29.16
17 5 62.66 + 16.90
18 5 51.78 + 16.93
19 5 57.24 + 13.77
20 5 59.98 + 30.21
A p p en d ix  T a b l e  1 1 .  Mean serum sodium  v a l u e s  d u r i n g  e s t r u s
f o r  l a c t a t i n g  c o w s .
Total Sodium "
__________ Day__________ Samples________________Mean____________
1 4 351.07 + 5.12
2 4 353.22 + 5.19
3 5 349 o 41 + 8.24
4 5 362.09 + 3.14
5 5 37 9 o 01 + 11.16
6 5 3 59 o 2 5 + 5.39
7 5 37 2 o 66 + 15.17
8 4 351.45 + 7.12
9 5 391.69 + 26.01
10 4 369.95 + 14.99
11 5 355.45 + .77
12 4 356.73 + 3.46
13 4 360.13 + 4.84
14 5 350.62 + 6.22
15 5 356.05 + 5.54
16 3 341.26 + 16.31
17 5 354.25 + 5.08
18 5 346.48 + 8.19
19 5 360.58 + 7.88
20 5 386.56 + 24.50
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A p p e n d ix  T a b l e  1 2 .  Mean serum so d iu m  v a l u e s  d u r i n g  e s t r u s
f o r  open  h e i f e r s .
Total Sodium
__________ Day__________ Samples________________ Mean_____________
(mg percent)
1 4 346.92 + 9.31
2 4 339.37 + 8.18
3 4 336 o35 + 15. 09
4 5 34 5 o 87 + 10. 29
5 5 358.46 + 6.40
6 5 3 56.36 + 4.34
7 5 366.06 + 4.80
8 4 363.53 + 2.91
9 5 349.41 + 8.13
10 5 346.99 + 8.76
11 5 354.85 + 5.31
12 5 355.15 + 7.44
13 5 357.26 + 5.28
14 5 351.83 + 5.68
15 4 345.77 + 7.11
16 5 344.88 + 1.69
17 5 352.21 + 4.46
18 5 350.32 + 3.41
19 5 347.37 + 8.53
20 5 357.77 + 3.87
A p p en d ix  T a b le  1 3 .  A n a l y s i s  o f  v a r i a n c e  f o r  e f f e c t s  o f  g r o u p s ,  day o f  e s t r u s ,  and
i n t e r a c t i o n  on serums a l d o s t e r o n e  l e v e l s .
Variance Source d„f. Mean Square F-value Probability
Total 186 13998.90
Group 1 5067.90 .09 .2092
Cow/Group 8 50865.62
Day 19 10007.96 3.14 .0001**
Day X Group 19 3048.07 .96 .5151
Error 139 3184,26
**(P < .01)
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A p p en d ix  T a b le  1 4 .  A n a l y s i s  o f  v a r i a n c e  f o r  e f f e c t s  o f  g r o u p s ,  day o f  e s t r u s ,  and
i n t e r a c t i o n  on p la sm a  c o r t i s o l .
Variance Source d„ f „ Mean Square F-value Probability
Total 186
Group 1 3 o 49 o o .7490
Cow/Group 8 118.75
Day 19 24 o 49 . 75 .7612
Day X Group 19 24.20 .71 .8016
Error 137 33.98
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A p p en d ix  T a b l e  1 5 .  A n a l y s i s  o f  v a r i a n c e  f o r  e f f e c t s  o f  g r o u p s ,  day  o f  e s t r u s ,  and
i n t e r a c t i o n  on serum sodium,,
Variance Source d.f. Mean Square F-value Probability
Total 186
Group 1 4013.77 4.18 .075
Cow/Group 8 960.00
Day 19 723.00 1.73 .0375*
Day X Group 19 376.82 .95 .5215
Error 139 '395.92
*(P < o05)
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